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MAX280 


Integrated Circuits 
Analogue, Special Functions (1) 


MACO 
5n Qer, Zero DC Error, Lowpass Filter 


Manufacturer 
Maxim Inc. 
hitto://wwwsemexineic.com 


General description 

The MAX280 is a 5*-order all-pole instrumentation 
lowpass filter with no DC error. The filter uses an 
external resistor and capacitor to isolate the integrated 
circuit from the DC signal path, thus providing excel- 
lent DC accuracy. 

The resistor and capacitor, along with the on-chip 4- 
order switched capacitor filter; forma 5*-order low- 
pass filter Two MAX280s can be cascaded to forma 
1O»-order lowpass filter 

The filter cutoff frequency is set by an internal clock 
which can be extemally driven. The clock to cutoff fre- 
quency ratio is 100:1, allowing clock ripple to be easi- 
ly removed. 


Application banple 
Weather satellite decoder 
Hektor Electronics April 1999. 


Features 

> Lowpass filter with no DC eror 
» Low passband noise 

> DC to 20 kHz cutoff frequency 

> 5order all-pole filter 

> Intemal or etemal clock 

> Cascadable for higher-order rolloff 
» Buffered output available 

» spin DP or 16-pin SAC 


Basic operation 

Figure 1 illustrates the architecture of the circuit The 
output voltage is sensed through an intemal buffer 
then applied to an intemal switched capacitor network 
which drives the bottom plate of an extemal capacitor 
to forma 5t-order lowpass filter. The input and output 
appear across an extemal resistor and the IC part of 
the overall filter handles only the AC path of the signal. 
The DC offsets of the buffer and the switched capaci- 
tor network are blocked by the capacitor and do not 
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Top View 


16-Pin 0.300” SO 


993003 - 11 


Btemal capacitor couples to the 
chip through this pin. 


Ground. Connect to the system 
ground for dual supply operation or 
mid-supply for single operation. 
This pin should be well bypassed 
using a large capacitor for single 
supply operation. 


The oscillator frequency is divided 
by either 1, 2 or 4 depending upon 
the voltage to this pin. This in tum 
gives a clock to cutoff ratio when 
tied to V+ of 100:1; when tied to 
GND of 200:1; and when tied to V- 
of 400:1. 


Clock input pin for extemal clock 
applications. For intemal clock 
operation, connect an extemal 
Capacitor between this pin and V-. 
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Hectrical Characteristics (V+ = +5V, V- = -5V, TA = 25%, unless otherwise specified, AC output measured at pin 7, Figure 1) 


Operating Supply Voltage 
Dual Supply 
Single Supply 

Power Supply Current Cosc (pin 5 to V-) = 100pF 


Ta = 25°C 


Ta = Twin® TMAX 


fok = 100kHz, pin 4 at V+ 


C= 0.01UF, R = 25.78kQ 


Ta = Tun © Tax 

Ta = Tun © Tmax 

Ta= Tun ® Tmax 
Clock to Cutoff Frequency Ratio | fq jc = 100K, pin 4 at V+ 
faklfc C= 0.01UF, R= 25.78K2 
fa Kk = 400kg, pin 4 at V+ 


Filter gain at fIN = 16kHz C= 0.01UF, R = 6.5kKQ 


Pin 7 buffered with an extemal opamp, 
+3.5 
Ta = Twin ® Tmax 


INTERNAL BUFFER SS 


TA = 25°C 
Bias Current 
Ta = TMN ® TMAX 
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m 
9) 
O 


_ a 


| 
Ul 
N 


1 


O 


+3. 


1 


O 


170 
+3.8 


30/2 


eleele d e Heleh 


N 
00 
m 
oy 


2 


ul 


fc is the frequency where the gain is —3dB with respect to the input signal. 
The extemal or driven clock frequency is divided by either 1, 2, or 4 depending upon the voltage at pin 4. When pin 4 = 





MAX280 


ELECTRONICS 
DATASHEET 3/99 


Integrated Circuits 
Analogue, Special Functions (4) 


FOR A 10Hz FILTER R = 29.4k02, C = tu, fork = 1kHz 
THE FILTER IS MAXIMALLY FLAT FOR = —_tc 


Single 5V supply 5" order LP filter 


GAIN NORMALIZED 
TO CUTOFF FREQUENCY PASSBAND GAIN 
+2.5V) vs. INPUT FREQUENCY 


ve=s25v IN | THT 


-10 | Ta = 26°C 


U lll 


fox = 1MHz, fc = 10kHz -N ATY 
“70 F tcix = SOOkHz, tc = SkHz 
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CUTOFF FREQUENCY 
vs. C 
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MAX280 DC ACCURATE LOWPASS 


BUFFERED 
OUTPUT 
(2mV MAX Vos) 


u [a i ] sF 


fosc 993008 - 12 


appear at the zero offset output pin. 

Use of this extemal resistor and capacitor also auto- 
rmetically provides the required anti-aliasing filtering for 
the sampled filter Further low frequency noise in the 
filter IC is attenuated by the extemal capacitor since 
any noise at the FB pin goes through a highpass path 
to the filter output The filter output pin is unbuffered. 
This signal can be buffered by the on-chip buffer or by 
a high accuracy opamp (such as a chopper stabilized 
opamp) to obtain a buffered DC accurate system. The 
on-chip buffer has an offset voltage of 2 nM The off- 


set voltage tempco is typically 1 UW/2C. 


Cock requirements 

Using Divider Ratio 

DIVIDER RATIO sets the ratio between the intemal fouk 
(Supplied by the MAX280) and fosc (the output at the 
DIVIDER RATIO pin). Connect DIVIDER RATIO to V+ 
fora 1:1, to GND fora 1:2, and to V fora 1:4 

fa k/fosc ratio. 


Using Internal Oscillator 

The intemal 140 kHz (nominal) oscillator frequency 
can be modified by connecting an extemal capacitor in 
parallel with the on-chip 33pF capacitor, from the Cosc 
pin to GND (or to V- if the capacitor is polarized). 

The clock frequency can be calculated by: 

fosc = 140 kH (33pF/(33pF+ Cosc)) (1) 

Due to process tolerances, fogc can vary by +19.5% 
The oscillator frequency can be adjusted by adding a 
series potentiometer between the capacitor and the 
Cosc Pin. The new frequency can be computed as: 
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Posc = fosc/(1-4RCoscfase) (2) 

where fac is the value of the oscillator frequency when 
R=0O. Vhen an extemal potentiometer is used, the 
new velue of the oscillator frequency is always higher 
than the one calculated in Eq. (1). To achieve a wide 
tuning range, calculate (Eq. 1) the ideal fogc, Cosc 
pair, then double the value of Cosc and use a 50k pot 
to adjust f'osc. The intemal oscillation frequency can 
be measured directly at the Cosc pin using a low 
Capacitance probe. 


Using Extemal Clock 

The intemal switched capacitor filter requires a clock 
100 times higher than the desired cutoff frequency. 
The extemal resistor and capacitor is used as part of a 
feedback loop for the filter and also forms one pole. 
The intemal 4-pole switched capacitor filter is driven 
by a clock which also detenmines the filter Cutoff fre- 
quency. For a rraximelly flat amplitude response, the 
clock should be 100 times the desired cutoff frequen- 
cy and the resistor and capacitor should be chosen 
such that 


(f¢/1.62) = (1/271RC) 


where fc is the filter cutoff frequency (—3dB point). 
Typically R is chosen to be around 20kQ. For wide 
temperature range applications, NPO cerarric capaci- 
tors are recommended. Mylar, polystyrene and 
polypropylene capacitors all provide acceptable perfor- 
mance. 


GAIN NORMALIZED 
TO i FREQUENCY 


“ERs: 


mens Neel 
I T ATT 
leuk = IMHz, fc = kHz AOF 
fe_k = 500kHz, ic = SkHz 


GAIN (dB) 
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